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There are potential nutritional and sensory benefits of adding sauces to hospital meals. The 29 aim of this study was to develop nutrient fortified sauces with acceptable sensory properties 30 suitable for older people at risk of under-nutrition. Tomato, gravy and white sauce were 31 fortified with macro and micro-nutrients using food ingredients rich in energy and protein as 32 well as vitamin and mineral premixes. Sensory profile was assessed by a trained panel. 33 Hedonic liking of fortified compared with standard sauces was evaluated by healthy older 34 volunteers. The fortified sauces had higher nutritional value than the conventional ones, for 35 example the energy content of the fortified tomato, white sauce and gravy formulations were 36 increased between 2.5 and 4 fold compared to their control formulations. Healthy older 37 consumers preferred the fortified tomato sauce compared with unfortified. There were no 38 significant differences in liking between the fortified and standard option for gravy. There 39 were limitations in the extent of fortification with protein, potassium and magnesium, as 40 excessive inclusion resulted in bitterness, undesired flavours or textural issues. This was 41 particularly marked in the white sauce to the extent that their sensory characteristics were not 42 sufficiently optimised for hedonic testing. It is proposed that the development of fortified 43 sauces is a simple approach to improving energy intake for hospitalised older people, both 44 through the nutrient composition of the sauce itself and due to the benefits of increasing
Introduction
57
Older people (>65 years) often do not consume enough energy and / or nutrients to support 58 their minimum requirements. Current estimates suggest that undernutrition affects 1.3million 59 of people over 65 years of age in the UK (BAPEN 2011) . This under-nutrition has been well 60 documented to be associated with increased incidence of complications, longer hospital stays, 61 reduced mobility, increased social isolation and reduced quality of life, and affects not only 62 the older person, but also impacts on community and health service resources (Cowan and 63 others 2004). 64 Maximising food intake is important for prevention and treatment of malnutrition, and this is 65 sometimes difficult due to small appetite. One way of overcoming a small appetite is to 66 fortify foods. Nutrient fortification can refer to the addition of either macronutrients or 67 micronutrients to foods; or merely the addition of suitable condiments, such as a sauce, to 68 foods. Previous studies have reported that the addition of sauces to a meal increased energy 69 intake in older adults without affecting pre-meal hunger, desire to eat, or post-meal 70 pleasantness (Appleton 2009 ). The increased energy consumption was mainly from fat and 71 protein. 72 Within hospitalised older adults, it has been reported that meal macronutrient 73 fortification can improve energy (+26%) and protein (+23%) intake (Gall 1998 Best and Appleton (2011) found that the addition of both seasoning and sauce to an older 79 person's meal resulted in comparable increases in energy, protein and fat intake, thus 80 supporting a role for flavour enhancement in increasing the food intake of older people, as 81 well as the role of the sauce itself. However, sauces may be more beneficial than dry 82 seasonings when promoting food intake in older people due to the semi-solid nature of the 83 sauce. In older individuals, where gastro-intestinal secretions and motility are known to be 84 reduced or impaired (Cowan 2004) , semi-solid foods may facilitate chewing and swallowing 85 and aid the passage of foods through the digestive system (Appleton 2009 ). 86 
Micronutrient fortification
87
Older hospital patients may be at risk of micronutrient deficiency due to low food intake, 88 chronic diseases or medication (Bates and others1999). Moreover, eating micronutrient-dense 89 foods becomes increasingly important where appetite is small but vitamin and mineral needs 90 remain high. 91 Considering the development of micronutrient fortified foods for older hospital patients, two 92 approaches could be taken. One approach would be to provide a "full" nutrient supplement, 93 the principle taken by oral nutritional supplement (ONS) beverages. An alternative approach, 94 and the one taken in this study, is to fortify products with micronutrients for which there is 95 substantial evidence within the older adult institutionalised community.
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Evidence from the UK National Diet and Nutrition Survey (NDNS) sauces are typically served on pasta or with meat or fish, with the tomatoes being an 120 important source of carotenoids. White sauces are produced using fat, a thickener and milk. 121 They are widely used in the UK within fish recipes and, to a lesser extent, within pasta.
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Gravy is typically applied to meat dishes as well as to vegetable and potato side dishes. 
Materials for Gravy:
Gravy (Table 3) The tomato sauce samples initially rated were the control and the three macronutrient 219 fortified samples (Table 1) . Samples (30g) were served at 75±5 C in paper cups (100ml). In 220 a separate assessment, the control tomato sauce was compared to the double cream plus 221 micronutrient fortified sample, where sauce (40+/-5g) and pasta (40+/-5g) were served in 222 paper cups (100ml) with a plastic fork. 223 Two gravies were rated, the control and the macronutrient fortified option (table 3) (Table 1) . 239 Protein and carbohydrate levels were increased 1.9 and 1.5 fold respectively when WPI and 240 maltodextrin were used. Table 4 
White sauce
259
The energy content of fortified white sauces (Table 6 ) was 2.5 fold higher than the control, 260 primarily due to whole milk and double cream (Table 2) , which also increased the fat content 261 more than three fold. Although WPI was used to increase the protein content, the overall 
Gravy
279
The nutrient profile of the fortified gravies (Table 7) showed a 2.8 fold energy increase 280 compared with the control, achieved predominantly through the increase in fat (over 5 fold), 281 through the addition of cream, oil and butter (Table 3 ). The maximum fortification that was status. However, within acute hospital care setting that the sauces were designed for, the 298 energy intake of older patients is of primary importance as opposed to fat intake restriction. The two preferred macronutrient options were progressed to micronutrient fortification. It 320 was important to study the effect of mineral addition to sauce containing WPI to examine 321 possible textural issues (coagulation, flocculation, viscous appearance) or taste issues (bitter, 322 metallic). The resulting four samples were directly compared through sensory profiling. 323 There were significant differences in 18 of the 46 consensus attributes (Table 8) 
Sensory evaluation of white sauces
354
The four white sauce variants were described by 38 consensus attributes, of which 29 were 355 significantly different between samples (Table 9) . Although the micronutrient enhanced 
Limitations in the fortification of Whey Protein and Micronutrients
426
The addition of WPI and the combination of WPI and micronutrients can lead to sauce (Table 4) due to unacceptability taste, flavour and after effects. 471 Therefore, the concentration of these minerals had to be adjusted to a desired level in terms of (Table 4) , resulted in a sauce that was higher in mushroom and nutty flavour. 
498
It is proposed that the development of fortified sauces is a simple approach to improving 499 energy intake for hospitalised older people, both through the nutrient composition of the 500 sauce itself and due to the benefits of increasing sensorial taste and lubrication in the mouth. 
